In this paper we calculate the technicolor correction to the production of a charged top pion in association with a W boson via bb annihilation at the CERN Large Hadron Collider in the context of the topcolor assisted technicolor model. We find that the cross section of pp → bb → W ± π ∓ t at the tree level can reach a few hundred femtobarns for reasonable ranges of the parameters, roughly corresponding to the result of the process pp → bb → W ± H ∓ in the minimal supersymmetric standard model; the relative corrections arising from the one-loop diagrams are about a few percent to two dozen percent, and they will increase the cross section at the tree level. As a comparison, we also discuss the size of the hadron cross section via the other subprocess gg → W ± π ∓ t .
I. INTRODUCTION
Technicolor theory [1, 2] is one of the important candidates to probe new physics beyond the standard model (SM), especially topcolor assisted technicolor (TC2) model proposed by C. T. Hill [3] -it combines technicolor with topcolor, with the former mainly responsible for electroweak symmetry breaking (EWSB) and the latter for generating a major part of the top quark mass. If technicolor is actually responsible for EWSB, there are strong phenomenological arguments that its energy scale is at most a few hundred GeV and that the lightest technicolor pions are within reach of the ATLAS and CMS experiments at the Large Hadron Collider (LHC) [4] . The TC2 model predicts three top pions (π 0 t , π ± t ), one top Higgs (h 0 t ) and the new gauge bosons (Z ′ , B) with large Yukawa couplings to the third generation quarks, so these new particles can be regarded as a typical feature of this model. Lots of signals of this model have already been studied in the work environment of linear colliders and hadron-hadron colliders [5] [6] [7] , but most of the attention was focused on the neutral top pion and new gauge bosons. Here we wish to discuss the prospects of charged top pions.
The search for Higgs bosons and new physics particles and the study of their properties are among the prime objectives of the LHC. Recently, lots of studies about the neutral Higgs production at the LHC have been finished [8] . For the production of charged Higgs boson in association with a W boson in the minimal * Electronic address: jshuang@foxmail.com † Electronic address: lugongru@sina.com supersymmetric standard model, Ref. [9] investigates bb → W ± H ∓ at the tree level and gg → W ± H ∓ at one loop. The electroweak corrections and QCD corrections to bb → W ± H ∓ have already been calculated in Ref. [10] , which shows that a favorable scenario for W ± H ∓ associated production would be characterized by the conditions that m H > m t − m b and that tan β are either close to unity or of order m t /m b , then the H ± bosons could not spring from on-shell top quarks and could be so copiously produced at hadron colliders. The authors of Ref. [11] have already studied the process of W ± π ∓ t associated production via bb annihilation at the tree level, which shows that the total cross section
is rather large when π ± t is not very heavy. In this paper we shall discuss the production of top pions π 
The Feynman diagrams for the charged top pion pro-
, which include the technicolor corrections to the process are shown in Fig. 1 . The relevant Feynman rules are given in Refs. [3, 12] . In our calculation, we adopt the 't Hooft-Feynman gauge and use the dimensional reduction for regularization of the ultraviolet divergences in the virtual loop corrections by the on-mass-shell renormalization scheme [13] , in which the fine-structure constant α em and physical masses are chosen to be the renormalized parameters, and finite parts of the counterterms are fixed by the renormalization conditions. The coupling constant g is related to the SM input parameters e, m W and m Z .
The Mandelstam variables are defined aŝ
The self-energy coupling between W + and π + t has no contribution to their renormalization fields and masses since π + t is a pseudo-Goldstone boson and W + is a gauge boson. We follow the approach of A. Mendez and A. Pomarol [14] to define the relevant renormalization constants, the renormalized amplitude for bb → W − π + t can be written as
where M 
and δM denotes all of the one-loop corrections to the tree-level process, which can be represented by
The amplitudes δM V and δM S arising from the selfenergy and vertex corrections can be written by 
The one-loop amplitudes δM
, and δM B represent the irreducible corrections arising, respectively, from the bbπ 0 t vertex diagram shown in Fig. 1(c) , the Figs. 1(d)-1(e) , the π 0 t self-energy diagram in Fig. 1(f) , the bbh 0 t vertex diagram in Fig. 1(c) , the Fig. 1(f) , the btW − vertex diagrams in Figs. 1(g)-1(h), the tbπ + t vertex diagrams in Fig. 1(i) , the top quark self-energy diagram in Fig. 1(j) , and the box diagrams in Figs. 1(k)-1(m) .
Calculating the self-energy diagrams in Figs. 1(n)-1(r), we can get the expressions of all the renormalization constants.
The detailed expressions of all above δM V , δM S , and δM B and the renormalization constants are tedious, so we do not present them here.
The corresponding amplitude squared is
The cross section for the process bb → W ± π
The total hadronic cross section for pp → bb → W ± π ∓ t can be obtained by folding the subprocess cross section σ with the parton luminosity [9] σ(s) =
Here √ s and √ŝ are the c.m. energies of the pp and bb states, respectively, and dL/dz is the parton luminosity, defined as [9, 10] 
where f b/p (x, µ) and fb /p (z 2 /x, µ) are the bottom quark and bottom antiquark parton distribution functions, respectively.
III. NUMERICAL RESULTS AND CONCLUSIONS
We are now in a position to explore the phenomenological implications of our results. The SM input parameters for our numerical analysis are G F = 1.16639 × 10 −5 GeV −2 , m W = 80.398 GeV, m Z = 91.1876 GeV, m t = 171.2 GeV, and m b = 4.2 GeV [15] . We use LoopTools [16] and the CTEQ6M parton distribution function [17] with µ = √ s/2. The parameter ε and the masses of top pion π 2 fb to 26.6 fb for ε = 0.06 and m ht = 250 GeV, respectively; (ii) the cross section is sensitive to ε and m ht when m πt is small, but this sensitivity will disappear for a rather heavy top pion; and (iii) when m πt = 225 GeV, the cross section of W ± π ∓ t associated production via bb annihilation is roughly 250 fb, and is rather large. Figure 3 gives the plots of the fully integrated cross section via bb annihilation at the tree level versus ε for m πt = 225, 350, and 450 GeV. We can observe that (i) the cross section is not sensitive to ε, and only decreases by 13.6% ∼ 14.2% in the range of 0.03 ≤ ε ≤ 0.1 for m ht = 150 GeV; and (ii) the case of m ht = 250 GeV is almost the same as that of m ht = 150 GeV.
In order to look at the contributions of the one-loop Feynman diagrams, we plot the relative correction δσ/σ 0 as a function of m πt and ε in Figs. 4-5, in which σ 0 denotes the corresponding total cross section at the tree level. From these two diagrams, we can find that (i) for the case of m ht = 150 GeV, the relative correction δσ/σ 0 is positive, and decreases with the increases of m πt and ε, but this decrease is rapid with m πt and is slow with ε at the changing from 0.03 to 0.1; (ii) for the case of m ht = 250 GeV, the relative correction is slightly larger than that of m ht = 150 GeV; and (iii) the value of the relative correction, in general, is about a few percent to two dozen percent, this means that the contribution from the one-loop corrections can afford a more distinct change than that of the tree level.
As is known, at the LHC, the integrated luminosity is expected to reach L = 100 fb −1 per year, this shows
